Context: Tumor induced osteomalacia related to anaplastic thyroid cancer has never been reported. Objective: We describe a case of tumor induced osteomalacia (TIO) in a patient with a fibroblast growth factor 23 (FGF-23) secreting anaplastic thyroid carcinoma. The current imaging modalities are reviewed. Design and intervention: Clinical, biochemical, and radiological assessments were done, including computer tomography (CT) of the neck and skull to thigh positron emission tomography (PET)/CT. The patient underwent surgical tumor debulking three days after presentation due to airway compromise. Molecular studies of the resected tissue were performed using reverse transcriptase-polymerase chain reaction (RT-PCR) and gel electrophoresis for the phosphaturic mesenchymal tumor FGF-23. Results: Resected tissue demonstrated features of anaplastic thyroid cancer with positive markers for FGF-23 protein, consistent with a FGF-23 secreting paraneoplastic tumor. The patient's metastatic burden rapidly progressed as demonstrated by a dramatic rise in serum FGF-23 levels and worsening hypophosphatemia in concert with progression of the metastatic lesions on PET/CT. Conclusion: We believe that our patient's rapidly progressive anaplastic thyroid cancer was responsible for persistent hypophosphatemia and osteomalacia, substantiated by the finding of FGF-23 protein within the thyroid tumor cells. Our case indicates that anaplastic thyroid cancer can cause TIO.
Introduction
Tumor induced osteomalacia (TIO) is a rare phosphorus-wasting syndrome caused by tumors capable of secreting FGF-23 in a similar fashion as other FGF-23-mediated diseases, such as x-linked hypophosphatemia, autosomal recessive and autosomal dominant hypophosphatemia rickets. TIO is characterized by signs and symptoms of severe osteomalacia or rickets. Clinical features include bone and muscle pain, muscle weakness, skeletal deformities and recurrent fractures as well as microfractures of long bones (Drezner, 2008; Mammen and de Beur SM, 2008) . Laboratory testing usually reveals low serum phosphorus, low or inappropriately normal range circulating concentration of 1,25-dihydroxyvitamin D (1,25(OH) 2 D), high urine fractional excretion of phosphorus, normal serum calcium and normal 25-hydroxyvitamin D 25(OH)D levels. Successful surgical resection of the FGF-23 secreting tumor is curative, thus accurate localization of the tumor is of the utmost importance (Jonsson et al., 2003) . The majority of the TIO cases previously reported in the literature have been caused by small mesenchymal tumors derived from bone (Fatani et al., 2013; Westerberg et al., 2012; Gandhi et al., 2012) , soft tissue (Jiang et al., 2012) , skin (Gardner et al., 2013) and cartilage (Hautmann et al., 2014) . TIO has also been reported in association with malignant adenocarcinomas of the ovary (Lin et al., 2014) , lung (Taylor et al., 1984) , prostate (Lee et al., 2014) , colon (Ryan and Reiss, 1984) and head/neck (Tarasova et al., 2013; Kominek et al., 2011; Luo et al., 2013; Mathis et al., 2013) . To our knowledge, TIO induced by anaplastic thyroid cancer has not been reported previously.
Case report
A 59 year-old white man presented to the Mayo Clinic Florida emergency department with a 3-month history of rapidly progressive dysphagia to liquids and solids, cough and hoarseness. CT of the neck with contrast revealed a 7 cm infiltrating mass centered in the anteroinferior aspect of the neck that completely encased the left carotid artery, esophagus and trachea (Fig. 1) . He was evaluated by an otolaryngologist who performed a core needle biopsy of the mass, which demonstrated findings of an undifferentiated malignant neoplasm. Due to extensive infiltration of vital structures, a complete resection of the tumor was not possible. The patient underwent debulking of the tumor, tracheotomy for airway management and gastrojejunostomy tube placement for enteral feeding. Final operative histopathology was consistent with anaplastic thyroid carcinoma.
His past medical history was significant for papillary thyroid cancer treated with right lobectomy in 1984. He underwent completion thyroidectomy in 1991 due to a recurrence. He developed vocal cord immobility after his first surgery. He appears to have mild post surgical hypoparathyroidism based on finding of low calcium with low normal PTH and high urine calcium. The patient was placed on hormone replacement therapy for expected hypothyroidism. The patient was unsure whether he underwent 131 I therapy at the time of his second surgery. His phosphorus level prior to presentation is unknown. During his hospitalization, the patient required large amounts of daily phosphorus replacement due to persistent critically low serum phosphorus levels. Biochemical evaluation (Table 1) was also noteworthy for elevated 24 h urine phosphorus secretion, low serum 1,25(OH) 2 D, and increased serum alkaline phosphatase activity. The serum 25(OH)D level was in the lower end of the reference range.
Laboratory findings are listed in Table 1 . A skull-thigh PET/CT showed abnormal areas of hypermetabolism consistent with metastases in the lungs, mediastinum, liver and left greater trochanter. Repeat imaging one week later revealed progression in size and number of his lung and liver metastases (Fig. 2) . Biopsy of these lesions was not feasible due to the decline of patient's health status.
The patient suffered a rapid decline in his overall condition and died of multiorgan failure one month after presentation. A repeat FGF-23 level at the time of his death had more than tripled from 2355 RU/mL to 7950 RU/mL.
Pathology and immunohistochemistry
Tissue obtained from the anterior left neck measuring 6.0 cm in maximum dimension was provided for pathological analysis. Dissection revealed a 3.5 cm gray/white tumor with adherent soft tissue and skeletal muscle. Histologically, a malignant epithelioid and spindle cell tumor was identified that was infiltrating the skeletal muscle and encasing the large vessel walls. The tumor was negative for cytokeratin, thyroglobulin and TTF-1, consistent with an anaplastic thyroid carcinoma. Tissue fragments obtained during surgical debulking were analyzed using reverse transcriptase polymerase chain reaction (RT-PCR) and gel electrophoresis for phosophaturic mesenchymal tumor FGF-23 gene on RNA extracted from paraffin imbedded tissue. The tissue was positive for the presence of FGF-23 by RT-PCR (Fig. 3) . The FGF-23 gene revealed positive amplification results; all controls yielded appropriate results. Molecular analysis confirmed the expression of the gene within the neoplastic cells. 
Discussion
TIO (also known as oncogenic osteomalacia) is a bone mineralization disorder caused by secretion of a phosphorus-wasting protein, FGF-23 from tumor cells (Jonsson et al., 2003; Shane et al., 1997; Cai et al., 1994) . FGF-23 is detectable in the blood of normal individuals, but is markedly increased in cases of tumor-induced TIO due to overexpression of FGF-23 messenger RNA (mRNA) (Jonsson et al., 2003) . TIO is most often caused by small benign tumors of mesenchymal origin, such as osteoblastomas, nonossifying and ossifying fibromas (Drezner, 2008; Mammen and de Beur SM, 2008) . Less commonly, TIO manifests as a paraneoplastic syndrome derived from various malignant tumors. In most reported cases, complete surgical resection of the inciting tumor results in absolute resolution of the signs and symptoms of TIO. Furthermore, Shane et al found bone remineralization on iliac biopsy samples in patients who had undergone complete surgical resection (Shane et al., 1997) . Although the syndrome has been reported in children, TIO typically affects adults. Importantly, TIO patients do not have a history of childhood fractures nor a family history of hypophosphatemia or osteomalacia, which help distinguish this entity from other phosphoruswasting syndromes such as x-linked hypophosphatasia and autosomal dominant and autosomal recessive hypophosphatasia. The diagnosis of TIO is confirmed by documentation of an elevated serum FGF-23 level (Carpenter TO et al., 2011) .
The mechanism by which FGF-23 is involved in phosphorus-wasting is well described (Shane et al., 1997; Cai et al., 1994; Carpenter TO et al., 2011) . FGF-23 is a member of the fibroblast growth factor family responsible for phosphorus metabolism and is produced as a hormone by osteocytes and osteoblasts. Excess secretion of FGF-23 causes hypophosphatemia and impaired mineralization of the bone resulting in osteomalacia, with resultant bone pain, bone deformities, and fracture. Excess FGF-23 also inhibits renal production of 1,25(OH) 2 D by acting on a FGF receptor (klotho) in the kidney and inhibiting renal conversion of 25(OH)D to 1,25(OH) 2 D, which interferes with intestinal and kidney phosphorus absorption, respectively. Low plasma phosphorus is also known to stimulate renal production of 25-hydroxyvitmain D-1α hydroxylase, resulting in conversion of 25 (OH)D to 1,25 (OH) 2 D. However, in TIO, impaired renal phosphorus reabsorption lowers 1,25 (OH) 2 D synthesis. Low or inappropriately normal serum levels of 1,25(OH) 2 D (in the setting of a low phosphorus level) is the most common biochemical feature of the disease. This patient also had hypercalcuria which we suspect is related to hypoparathyroidism as evidenced by consistently low PTH and low calcium since admission.
The diagnosis of TIO should be suspected from the clinical signs and symptoms including acquired hypophosphatemia, osteomalacia, bone fractures, and generalized muscle weakness in association with renal phosphate wasting (but no other proximal tubular defects) and an inappropriately low or normal plasma calcitriol concentration. Delayed diagnosed is typical in TIO, with times from symptom onset to diagnosis reported to range from approximately 1.5-28 years with an average of 6.7 years (Jiang et al., 2012; de Jan et al., 2002) . Male to female ratio is approximately 1:1 with an average age of 42 years (Jiang et al., 2012) .
Once a clinical diagnosis of TIO is made, the most challenging aspect of the disease is localization of the FGF-23 producing tumor. A stepwise approach that involves a thorough history, physical examination for palpable tumors, and imaging should be undertaken. Selective venous sampling, and tissue biopsy are seldom essential to discriminate a functional mass when multiple suspicious lesions are discovered. Wide surgical excision is important to avoid late recurrence and provides the best chance for complete cure. Radiofrequency ablation of the tumor has also been described as an alternate method of treatment (Jadhav et al., 2014) .
Conventional imaging with CT, ultrasound, angiography and magnetic resonance imaging (MRI) have a high failure rate in localizing the causative mesenchymal tumors because they are often small and can be situated in obscure locations such as a distal extremity. For this reason, whole body imaging is essential (de Jan et al., 2002) . Tumors associated with TIO express somatostatin receptors 2 and 5 so radiolabeled somatostatin analog scintigraphy (octreoscan) is frequently used to detect these tumors (de Jan et al., 2002; Jadhav et al., 2014; Rj et al., 2013; Seufert et al., 2001) . Jan de Beur et al reported 111 Indium-pentetreotide scintigraphy localized the offending tumor in 5 of 7 patients, whereas only 3 of the tumors were detected with conventional imaging (de Jan et al., 2002) . Tumors were located at various sites including the ethmoid sinus, cranial fossa, humeral head, hand, and lower leg. Once identified with an octreoscan, MRI was used for direct anatomic visualization of the tumors, which were all later confirmed with surgery (de Jan et al., 2002) . Rhee et al was also able to localize a mesenchymal TIO tumor in the bone marrow of the femoral neck with 111 indium-octreotide scintigraphy (Rhee et al., 2001) . Octreoscan with SPECT/CT has also been reported to improve localization (Rodrigues et al., 2014) . Unfortunately, the high sensitivity of octreotide scintigraphy is limited to tumors expressing somatostatin receptor subtypes 2 and 5, and this imaging technique cannot detect those tumors expressing subtypes 1 or 4 (de Jan et al., 2002; Rhee et al., 2001) . Although less sensitive than an octreoscan, whole body 18 Fluorodeoxyglucose (FDG) PET/CT is an alternate imaging modality that can be used to detect FGF-23-secreting tumors. (PET/CT) allows for whole body functional imaging together with CT for anatomic localization . In a series of 31 patients, Chong et al reported that octreoscan was able to accurately localize TIO mesenchymal tumors in 18/21 patients and exclude the disease in 7/9 patients. Conversely, FDG PET/CT was able to accurately localize the tumor in only 14/21 patients . Furthermore, octreoscan was superior in localization of the tumor in 7/20 (35%) patients. Thus the authors suggested that octreoscan should be the initial imaging modality used in the attempt to localize a TIO-inducing tumor, with FDG PET/CT as an alternate for scintigraphically occult tumors . Once the tumor is detected by radiolabeled somatostatin scintigraphy, local imaging with MRI of the suspicious site was used to provide a precise anatomic location prior to surgery Chong et al., 2011) . Recent reports investigating a hybrid of somatostatin receptor imaging with PET/CT show promising results in the detection of tumors that are otherwise occult by octreoscan or octreoscan-SPECT/CT (Rj et al., 2013; Breer et al., 2014) . Clifto-Bligh et al reported that Gallium-68 DOTAoctreotide (DOTA-TATE) somatostatin receptor PET/CT hybrid imaging localized tumors in 6/6 patients with histologically proven TIO (Rj et al., 2013) . Similarly, Breer et al reported5/5 patients had successful detection of their tumor by using 68
GaDTA-TATE PET/CT, whereas only 1/5 of these patients had tumor detected by 111 indium octreotide scintigraphy (Breer et al., 2014) . Other imaging techniques that utilize somatostatin receptor analogs and selective venous sampling have also been reported with varying degrees of success Chong et al., 2011; Breer et al., 2014; Sood et al., 2013; Jin et al., 2013; Fukumoto, 2014; Agrawal et al., 2015) . Frequently, multiple imaging studies and continuous clinical monitoring are necessary to localize these tumors, especially when small. TIO has been described in association with adenocarcinomas of the ovary, lung, prostate, colon and head/neck (Fatani et al., 2013; Westerberg et al., 2012; Gandhi et al., 2012; Jiang et al., 2012; Gardner et al., 2013; Hautmann et al., 2014; Lin et al., 2014; Taylor et al., 1984; Lee et al., 2014; Ryan and Reiss, 1984; Tarasova et al., 2013; Kominek et al., 2011; Luo et al., 2013; Mathis et al., 2013) . There has been one case report of a patient with thyroid cancer presenting with TIO and bone metastasis. Although this patient had a history of papillary thyroid cancer, testing indicated that the patient's TIO and bone metastases were due to a phosphaturic mesenchymal tumor (Morimoto et al., 2014) . Genetic mechanism by which tumors express FGF-23 is not well known. Recent identification of a novel FN1-FGFR1 genetic fusion was reported (Lee et al., 2015) . Future studies are needed for better understanding. In summary, a phosphorus level should be obtained during the evaluation of patients with a clinical picture suspicious for osteomalacia. TIO should be considered in patients with low serum phosphorus levels and signs and symptoms of osteomalacia. Whole body imaging for tumor detection is essential. The disease can be cured by successful resection of the causative tumor with remineralization of bone and complete resolution of symptoms. This case report illustrates that anaplastic thyroid cancer can potentially secrete FGF 23 and be a cause of TIO.
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